organ. The policy of conservatism is, however, applicable in many non-malignant conditions, though the labour involved may be greater.
In the kidney many of the pathological conditions amenable to surgery are potentially if not actually bilateral, including hydronephrosis-, stone and tuberculosis, and unless the affected kidney is completely destroyed it may be possible to preserve enough functioning tissue to maintain life should the other kidney become damaged. When one kidney is congenitally absent or aplastic or has been removed, conservative surgery of its fellow becomes imperative should it become diseased. Criteria for success: For a conservative operation to be satisfactory, the residual kidney tissue must be capable of function and must be reasonably free from the risk of spread or recurrence of the original disease. To ensure this it must have an adequate blood supply, there must be free drainage from the calyces to the pelvis and thence to the ureter without any obstruction and it must be possible to eliminate or control infection. The amount of functioning renal tissue left should be enough to maintain life if the other kidney is lost. This amount appears to vary in different species, being estimated as 25% of the original total in dogs and cats whilst goats need only 10-15% (Goldstein & Abeshouse 1937) . Semb (1955) claims that humans may live an active life after removal of 60-70% of the original kidney mass and he has patients working up to seven years after such ablation. At this minimum amount signs of renal insufficiency may appear, renal function being lowered in proportion to the amount of renal tissue removed. Compensatory hypertrophy of the remainder, that is the opening up of more nephrons already present, occurs in a solitary kidney but not if there is another func-tioning kidney present. I have one man alive and active ten years after the removal of a quarter of his remaining solitary kidney. If a good blood supply, proper drainage and reasonable control of infection cannot be obtained, the operation is doomed to failure. Blood supply of the kidney: A knowledge of the anatomy of the intrarenal arteries is of importance, particularly for the operation of partial nephrectomy. Whilst the veins anastomose freely the arteries are all end-arteries and have a segmental distribution. Graves (1954) has shown that the standard arterial pattern is constant and he has described the variations of the main theme which are of surgical importance. In the usual arrangement the renal artery divides into anterior and posterior divisions. The anterior division gives rise to the upper, middle and lower segment arteries, and generally to the small apical artery which supplies both the front and the back of the apex. The lower segment artery has a branch which passes behind the neck of the lower calyx to supply the back of the lower pole. The posterior division becomes the posterior segment artery and supplies the remaining large area of the posterior surface of the kidney; in doing so it passes behind the neck of the upper calyx where it is vulnerable in upper polar resections. The site and mode of branching of the anterior division vary inasmuch as the middle segment artery may spring from the upper segment artery (Group I), -the lower (Group II), or from the main trunk (Group III). Ligation of the lower segment artery will produce ischamia of the whole lower pole and will not affect any other part of the kidney provided the ligature is placed distal to the origin of the middle segment artery should the distribution be as in Group II. Ligation of the upper or middle segment artery will produce only partial ischemia of its segment. To tie the posterior segment artery is not permissible. Even when the origin of the arteries from the aorta is anomalous or aberrant the intrarenal distribution is constant, the inferior segment artery often arising direct from the aorta.
Free drainage: It is implicit for the success of any conservative operation on the kidney that the ureter must be proved patent. This may require the removal of a stone, the correction of a fixed kink or the relief of stenosis by one of the procedures to be described in the treatment of hydronephrosis. Every calyx remaining after partial nephrectomy must have free communication with the renal pelvis or a fistula will result. Control of infection: Whilst complete sterility cannot always be obtained in a long-standing renal infection it is more easily achieved after the relief of obstruction or stasis and the removal of stones. It is preferable to reserve the useof specific antibiotics until after operation when they will be more likely to succeed without producing resistant strains.
Indicationsfor Conservative Renal Surgery
The chief conditions for which conservative surgery is applicable are stone, cysts, calyceal diverticula, hydronephrosis, tuberculosis, injury and some congenital anomalies. It is occasionally applicable in localized renal infections and rarely in tumours if the other kidney is absent. Partial nephrectomy for stone: Removal of part of the kidney as opposed to heminephrectomy for double kidney has its main use in the treatment of stone especially in the lower calyx. The limitations of pyelolithotomy and nephrolithotomy are well known. A recurrence rate of from 15-45 % is enough to cause grave dissatisfaction, but if a dilated and infected calyx is left it is inevitable. The removal of such a calyx is one step which must be taken and although there are other factors in stone formation recurrences are already less. Stewart (1960) had a recurrence rate of only 6-6% in more than 200 cases followed for up to eighteen years. Metabolic causes, particularly hyperparathyroidism, must be excluded by suitable investigation and every effort must be made to eliminate infection after operation. Partial nephrectomy does not appear to cause hypertension.
The usual pre-operative investigations are carried out. Whilst aortography is not essential it is a great help to know the disposition of the vessels before operation, and I like to do it. Technique: A good exposure is gained by excising the 12th or 11th rib or by the Nagamatsu incision. The vessels of the renal pedicle must be fully displayed and if the appropriate segment artery can be isolated it is tied just outside the kidney. The capsule, which is an important structure in the repair, is reflected and preserved. Ligature of the inferior segment artery will often show a line of demarcation of that segment on the kidney surface but control of the vascular pedicle is still necessary if bleeding is to be minimized. This is done by placing a Price Thomas bronchus clamp, its blades covered by rubber tubing, on the pedicle. The self-imposed limit of ten minutes for occlusion of the pedicle is usually long enough for the section of the kidney, the control of individual vessels on the cut surface and the closure of the pelvis at its junction with the neck of the calyx. The line of section of the kidney is found by following in the lower concave border of the pelvis and dividing the neck of the calyx under vision. A flat cut of the kidney is preferred to a wedge which leaves avascular edges to undergo necrosis. If there is a stone in the pelvis a further opening must be made to extract it. Open vessels which can be seen on the cut surface of the kidney are under-run with fine plain catgut, and others which bleed when the clamp is released are also secured. Hmmostasis must be meticulous. X-rays of the exposed kidney are taken and every fragment of stone must be removed before closure. The two leaves of capsule are fixed over the cut surface of the kidney in the manner of a doublebreasted waistcoat and the kidney is replaced high in the renal fossa with one or two anchoring sutures to prevent rotation. A drain is advisable.
The operation has been described in greater detail elsewhere (Riches 1959) . Difficulties in the operation: A short pedicle makes every kidney operation less easy, and previous exploration sometimes makes it impossible to strip enough capsule for subsequent closure. In this event a muscle graft or a fat graft may be stitched over the cut surface. If segmental ligation outside the kidney is not possible, selective ligation of the vessels within the renal sinus is done as advocated by Semb (1955) . In an upper pole resection the renal vein may limit the extent of resection but it should not in any case be low enough to endanger the posterior segment artery as it passes behind the neck of the upper calyx. In my first 100 cases there were 3 in whom excretion from the kidney was abolished after operation; in all 3 the upper pole had been resected and probably this vessel had been damaged. The wisdom of applying a clamp to the pedicle of a solitary kidney has been challenged by Semb but if the time is limited to ten minutes with subsequent intermittent release it appears to be safe. The merits of local hypothermia have not been fully explored.
The X-ray localization of residual stones is important although time consuming; one small fragment left behind will lead to recurrent stone formation. In any patient with recurrent stones the possibility of a parathyroid tumour must always be considered and repeated estimations of the serum calcium and phosphate are necessary. I have found and removed 14 such tumours in patients with renal stones. It is disappointing to find so many patients with advanced calculous disease in whom nephrectomy is the only possible surgical treatment. Gross infection of the renal parenchyma, destruction by other lesions as well as stone, and complete pressure necrosis of the kidney to form a thin shell are all too common. The most suitable cases are those in which the stone occupies a dilated lower calyx, and in particular the pear-drop type hanging like a pendant from the lower calyx. Renal cysts: A solitary cyst on the surface of the kidney can sometimes be enucleated or simply decapitated, or even aspirated if it is known to be a cyst. When it is in the substance of the kidney a modified partial nephrectomy is often the most suitable treatment. A wedge of tissue including the cyst is removed and the kidney reunited. Segmental ligation is not applicable, but a muscle graft in the gap helps in heemostasis.
A localized hydatid cyst may be removable by partial nephrectomy. Calyceal diverticula are usually infected and filled with stones and must be excised entire with a wedge of kidney or they will recur. Hydronephrosis: Nearly all cases ofnon-malignant hydronephrosis, whether caused by mechanical obstruction or functional disorder, could be cured by conservative operations if they were seen early. Unfortunately the symptoms often mimic gastrointestinal disease so closely that the patient is treated for duodenal ulcer or appendicitis. In children the symptoms are vague although albuminuria is usually present. When the pain of renal distension occurs the diagnosis is made by excretion urography and subsequently elaborated by other investigatidns including retrograde pyelography and a ten-minute emptying film. By this time much of the kidney may have been destroyed by ischiemic fibrosis. The renal artery becomes smaller and the blood supply of the whole kidney is reduced. Although aortography is again 'not an essential pre-operative investigation it can be of considerable value in deciding before operation whether a conservative operation is likely to succeed. If the renal artery on the affected side is of reasonable size compared with its fellow, and the general vascular pattern of the kidney is not greatly diminished, a plastic operation is worth while. If the renal artery is small and the nephrogram poor it is better to remove the kidney.
The aortogram may also show whether the inferior segment artery is aberrant arising directly from the aorta, or whether it is low in position and likely to be increasing the hydronephrosis by causing a secondary obstruction just below the. pelvi-ureteric junction. In the past this artery has frequently been divided in order to relieve the hydronephrosis, generally with impunity and often with success. Such treatment is incorrect; the blood supply to the hydronephrotic kidney is already reduced, the artery is rarely the primary cause of the hydronephrosis and its division is followed by necrosis, at the best aseptic, of the lower pole. In the absence of preliminary aortography all the vessels must be fully displayed and an assessment made of their size; in a doubtful case a decision in favour of conservatism may be made on the youth of the patient and the absence of urinary infection even if there is no excretion on the intravenous pyelogram. By contrast, if the amount of functioning renal tissue is very small nephrectomy may be preferred even in a child.
Operationsfor Hydronephrosis Very many ingenious operations have been devised to overcome obstruction at the pelviureteric junction. Their principles are based on (1) widening, (2) excision, (3) by-passing, (4) incision and intubation, and (5) sympathectomy and nephropexy.
I shall mention only those I have used but the problem of whether or not to use a splint catheter with or without a nephrostomy tube arises in most of them. A length of fine plastic tubing acts as a support for a newly constructed junction but it also provides an entrance for infection. A nephrostomy tube relieves pressure but also leads to infection. It is my practice to avoid both except in badly infected cases or where there is much scarring from previous unsuccessful attempts at repair. All these operations demand free mobilization of the pelvi-ureteric junction.
(1) Widening operations include the simple reversed incision of Fenger (1894) and the Y-V of Foley (1937) . Both are suitable where there is a short stenosis of the ureter without extrinsic obstruction. They do not permit transposition of obstructing vessels to the back of the junction.
(2) Excision: The older operation of Von Lichtenberg (1929) demanded a splintcatheter and a nephrostomy. It was important to leave a cuff of ureter projecting into the pelvis at the site of the circular anastomosis.
Twenty-two years ago I reported to this Society on 31 cases treated by this method (Riches 1939) ; the results were considered good in 19 (61 %). In the non-infected cases 10 out of 14 gave a good result; when there was pre-operative infection only 9 out of 17 had a good result and 5 secondary nephrectomies were needed. Sulphanilamide was the only modern antiseptic available and stenosis of the new junction sometimes occurred.
The modern Anderson-Hynes operation (1949), devised for a case of retrocaval ureter, replaces the circular anastomosis by a long oblique one. It is best left without a splint or a nephrostomy and is less liable to stenosis than the Von Lichtenberg operation. It is advisable to catheterize the ureter two weeks after operation to ensure the patency of the new junction and a good result at this stage is usually permanent.
In both these operations the redundant pelvis is resected but care should be taken not to cut it off too close to the kidney. A study of the pyelogram in a large hydronephrosis may not always show whether the pelvis is bifid; it is possible to divide the neck of a long upper or lower calyx and have to join it separately to the new pelvis.
(3) The by-pass: In its simplest form this is a sideto-side anastomosis between the dilated pelvis and the adjacent ureter below any obstructing band. Its scope is limited but it may be a useful manceuvre if there is much scarring after a previous exploration.
The Hamilton Stewart (1947) operation of nephroplasty overcomes extrinsic obstruction from aberrant vessels without opening the pelvis and exposing it to the risk of infection. It is most suitable for the long kidney with obstructing vessels. The infolding sometimes produces a peculiar post-operative pyelogram but it does reduce pelvic residual urine and the functional result is excellent in a properly chosen case.
A similar effect can be obtained by mobilizing the obstructing vessels and burying them at a higher level in the infolded pelvis. Redundant pelvis can be excised if it is greatly distended. (4) Incision and intubation: The operation of intubated ureterotomy was described by Davis (1943) . The strictured ureter is incised and a tube of suitable size placed in it as a splint. Regeneration takes place around the tube. This is a useful operation if there is a long stricture of the ureter and in some cases where there is scarring from previous unsuccessful operations. The composition of the tube is important; red rubber is irritant, polythene is too stiff and polyvinyl may cause severe inflammatory reaction. The French Neoplex tubing is inert and well tolerated and is easy to use. It should remain in place for six weeks and it is better to bring it out of the kidney as a nephrostomy and to carry it through the whole length of the urinary tract to -emerge from the urethra. If a short tube is used a stricture may form at the point where it ends. It must be kept free from phosphatic incrustation by daily irrigation with acetic acid (0 5 Y) or Renacidin (10%).
In a patient with bilateral hydronephrosis and calculi in whom Y-V plasty had failed, and lateral anastomosis on one side and Anderson-Hynes pyeloplasty on the other had also failed, the condition was controlled by bilateral intubated ureterotomy.
This operation can also be used for strictures lower in the ureter. It has the disadvantage of needing prolonged intubation with the added danger of infection. The Culp operation can also be used for high ureteric strictures.
(5) Renal sympathectomy and nephropexy: If the primary cause of dynamic hydronephrosis is neuromuscular imbalance, denervation of the renal pedicle should improve it in an early case before fibrosis has occurred. Oldham (1950) has shown that this is true and in the series I reported in 1939 there were 13 patients treated in this way with 11 good results. There was pre-operative infection in 8, but all had sterile urine after operation. The nephropexy is a minor addition, usually confined to the formation of the shelf of fat to support the kidney.,The patients must be carefully chosen as so often they are of the type who must have a pain somewhere, but complete denervation does abolish renal pain. Regeneration of the renal nerves may occur in five years or more but it is never complete.
Of the operations mentioned the Anderson-Hynes plastic has the widest application and the Hamilton Stewart has its greatest use when there is extrinsic obstruction.
Results
Apart from the 54 cases I reported in 1939 I have records of 137 patients with hydronephrosis treated since the end of the war. Of these no less than 41 or nearly a third were found to need primary nephrectomy. Many of these kidneys could have been saved by earlier diagnosis and treatment. Thirty-four, or one-quarter, were treated by the Anderson-Hynes operation, 13 by the Hamilton Stewart procedure, 13 by Von Lichtenberg's operation, 23 by other plastic procedures or sympathectomy and 13 by conservative measures.
There were 2 deaths, 1 from renal failure in a man with hardly any renal tissue left, and the other from heart failurein a man with peri-ureteric fibrosis extending into the thorax and around the great vessels. Six cases were failures in that they came to secondary nephrectomy owing to infection (3), stone formation (2) or persistent pain (1). The remainder could be classed as satisfactory in that they obtained functioning kidneys, free from pain and with absent or diminished infection. Renal tuberculosis: The scope of surgery in renal tuberculosis has decreased since successful medical therapy became available and except in grave emergency no surgery at all should be done until the patient has been well saturated with antituberculous drugs. The disease appeared to be on the wane but in the past year or two there has been an increase in the cases in which there is so much renal destruction as to require nephrectomy.
Under drug therapy healing is by fibrosis, and fibrosis produces scarring with consequent obstruction in the urinary tract. The main points at which such obstruction occurs are at the neck of a calyx, at the pelvi-ureteric junction and at the ureterovesical junction. The effect of obstruction is dilatation above it, which will lead to destruction of the kidney. During drug treatment frequent watch must be kept by intravenous, or if necessary retrograde, pyelography so that timely surgery can be carried out.
If the lesion affects a calyx the time to operate is when it becomes completely closed and no longer communicates with the pelvis. The operation of choice is cavernotomy. The kidney being exposed, the bulging pyocalyx is seen and is aspirated of its purulent contents. The cavity is then opened through its thin wall and gently swabbed out. It is probably better, as Hanley (1960) advises, to cut away the wall almost to its edge and apply a hmmostatic stitch where necessary. Alternatively it can be filled with streptomycin powder (ig) and closed. The wound is closed without drainage. The post-operative course is usually smooth.
Obstruction at the pelvi-ureteric junction is more serious as by the time it occurs the whole kidney may be beyond salvage. Hanley (1960) , however, has successfully saved three such kidneys using the Davis intubated ureterotomy technique.
Obstruction at the uretero-vesical junetion is often associated with the healing contracture of the bladder and is likely to affect the good kidney remaining after nephrectomy on the worse side. If left alone it is lethal; it is treated by ureterocolocystoplasty or uretero-ileocystoplasty enlarging the bladder and reimplanting the ureter.
The use of partial nephrectomy for renal tuberculosis has been ably advocated and practised by Semb (1955) but in this country it is largely replaced by cavemotomy. I have only done it once in the past year. In partial nephrectomy it is inevitable that more normal renal tissue must be removed than in cavemotomy, so the operation is less conservative. Injury: Conservatism in renal trauma does not mean failure to investigate. In closed renal injuries an excretion urogram should be done at an early stage. Its main function is to show the presence of a good kidney on the other side. It may show the extent of the damage to the injured kidney, but if it does not there should be no hesitation in doing a retrograde pyelogram which will give a correct diagnosis. The need for operation is not determined entirely by pyelographic distortion and some kidneys cannot be repaired, but the drainage of a large extravasation may prevent the later development of a pseudo-hydronephrosis, a condition which will lead to later nephrectomy, or of a hydronephrosis or of a calcified himatoma.
Case 1 In 1932 a man of 66 fell 5 ft on to his right loin; he had pain and hematuria and was treated expectantly. Four years later he had pain and a swelling in the right loin. Hlis kidney was removed. It showed a hydronephrosis with no continuity between the pelvis and the stump of the ureter. A kidney which might have been saved by reconstruction of the pelviureteric junction had been slowly destroyed. Case 2 By contrast a young railway man had his right loin crushed between buffers. Hwmaturia continued for several days and exploration was seriously contemplated. An intravenous pyelogram showed no excretion from the left kidney and only minor dilatation of the right upper calyx. This was confirmed by retrograde pyelography when the left ureter was shown to be obstructed in its lumbar part. Subsequent exploration of the left kidney disclosed an aplastic organ with no metanephric elements; right nephrectomy would have been disastrous. Gordon-Taylor (1953) wrote that injury of the kidney is not synonymous with nephrectomy; although operation can sometimes be avoided an injured kidney can sometimes be repaired or a damaged part removed by partial nephrectomy. It must be remembered that a diseased kidney is more likely to be ruptured than one that is normal. Congenitalanomalies: Heminephrectomyisusually possible when one part of a duplex kidney is dilated. Sometimes the blood supply of the two parts cannot be separated and the operation becomes impossible.
In horseshoe kidney, division of the isthmus is preferable to heminephrectomy as both sides are prone to dilatation, infection and stone formation.
Conclusions
The modern trend towards conservation of renal tissue is one which should be encouraged. In the absence of malignant disease nephrectomy for a surgical lesion of the kidney is a confession of failure, failure either to diagnose it early or to treat it correctly. In particular nephrectomy should be avoided in treating apparently unilateral hydronephrosis in young childrmn; the other kidney is likely to be affected in later life.
In bilateral disease some surprising results may be obtained. showed a lesion in the posterior subcardiac area with central ulceration on-a rounded promontory suggesting benign tumour. Fractional test meal showed achlorhydria. Blood: Hb 98%, W.B.C. 9,500. Feces: Occult blood positive.
Operation (13.4.61): Left thoraco-abdominal approach. Hard rounded -tumour in the posterior stomach wall just below the cardia. Total gastrectomy and splenectomy, Roux type cesophagojejunal anastomosis. Transfusion 1,500 c.c. Recovery was uneventful. Pathology (Dr W E Bryan): Stomach and spleen, macroscopic: Total gastrectomy specimen. At the cardiac end the mucosa is ulcerated over an area approximately 3 cm across. In the wall of the stomach beneath the ulcer there is a relatively well-encapsulated tumour 6 x 5 x 4 cm. Cut surface firm and buff, showing raggedf cavities filled with thin blood-stained fluid. The spleen is attached to the specimen and appears normal. Moderately enlarged lymph nodes along greater and lesser curves with smaller lymph nodes along gastrosplenic ligaments. Microscopic: Leiomyoma; no evidence of malignancy. Lymph node from splenic hilum: No evidence of malignancy. Prognosis good.
Case 3 Leiomyosarcoma of fundus of stomach showing ulceration, cavitation and attachment to diaphragm and spleen C V C, male, aged 60 History: Six months' pain in left suprascapular area, intermittent low fever, night sweats and gradual weight loss. Appetite diminished; occasional eructation of foul gas from stomach. Clinical examination negative. Investigations: Barium meal 30.11.60 (Dr G Hollingsworth) revealed a fistula from fundus of stomach leading into a large irregular cavity below the left diaphragm. Blood: 11.7.60 Hb 105%, W.B.C. 7,200, E.S.R. 68 mm in one hour (Westergren), 23.11.60, Hb 80%, W.B.C. 7,900, E.S.R. 45 mm m one hour (Westergren). Faces (24.11.60): Occult blood x 2, negative.
Operation (2.12.60): left thoraco-abdominal ap-
